Abstract Triage decisions in patients suffering from acute chest pain remain a challenge. The patient's history, initial cardiac enzyme levels, or initial electrocardiograms (ECG) often do not allow selecting the patients in whom further tests are needed. Numerous vascular and non-vascular chest problems, such as pulmonary embolism (PE), aortic dissection, or acute coronary syndrome, as well as pulmonary, pleural, or osseous lesions, must be taken into account. Nowadays, contrast-enhanced multidetector-row computed tomography (CT) has replaced previous invasive diagnostic procedures and currently represents the imaging modality of choice when the clinical suspicion of PE or acute aortic syndrome is raised. At the same time, CT is capable of detecting a multitude of non-vascular causes of acute chest pain, such as pneumonia, pericarditis, or fractures. Recent technical advances in CT technology have also shown great advantages for non-invasive imaging of the coronary arteries. In patients with acute chest pain, the optimization of triage decisions and cost-effectiveness using cardiac CT in the emergency department have been repetitively demonstrated. Triple rule-out CT denominates an ECG-gated protocol that allows for the depiction of the pulmonary arteries, thoracic aorta, and coronary arteries within a single examination. This can be accomplished through the use of a dedicated contrast media administration regimen resulting in a simultaneous attenuation of the three vessel territories. This review is intended to demonstrate CT parameters and contrast media administration protocols for performing a triple rule-out CT and discusses radiation dose issues pertinent to the protocol. Typical lifethreatening and non-life-threatening diseases causing acute chest pain are illustrated.
Introduction
Chest pain is one of the most common symptoms in emergency departments, comprising 5-20% of emergency department visits [1, 2] . Despite this relatively common symptom, however, early triage of these patients remains difficult. The patient's history, initial biomarkers, and the results from electrocardiography (ECG) often do not allow a safe distinction between patients who require hospital admission with further testing and those who can be safely discharged home [3] [4] [5] . This complexity results in a high number of unnecessary hospital admissions that in turn have enormous economic consequences for the health-care system [6] .
Nowadays, chest CT using a non-ECG-gated protocol represents the reference imaging modality for the diagnosis or exclusion of pulmonary embolism (PE) and aortic dissection [7, 8] . On the other hand, potentially lifethreatening underlying diseases such as acute coronary syndrome (ACS) -accounting for 15-25% of the patients with acute chest pain [1] -cannot be assessed by using a non-ECG-gated protocol.
Recently, the use of ECG-gated CT coronary angiography in the emergency department has been shown to improve the triage of patients with acute chest pain by decreasing the delay in diagnosis and treatment and thus morbidity and mortality [9, 10] . In addition, CT coronary angiography has shown a good diagnostic performance for the detection of ACS and an excellent negative predictive value for excluding the disease [7, 8, 11] , emphasizing a potential role of CT for facilitating and optimizing triage decisions in the emergency patient [11, 12] .
One of the most recent CT types, dual-source CT (DSCT), maintains the high spatial resolution of previous single-source 64 -slice CT systems while enabling ECGgated imaging with an increased temporal resolution [13] . A number of studies have shown robust and auspicious results of DSCT coronary angiography regarding image quality [14, 15] and accuracy [16, 17] .
Recently, several studies have demonstrated that an ECG-gated CT of the entire chest is feasible and allows for an accurate evaluation of the pulmonary artery, the thoracic aorta, and the coronary arteries as well as of non-vascular structures within a single examination [18, 19] . Such a protocol, in jargon also called triple rule-out CT, requires the adjustment of the contrast media application protocol for the simultaneous attenuation of three vascular territories, i.e., aorta, pulmonary, and coronary artery [20] . Nevertheless, the precise indication, the optimal triple ruleout CT protocol, and the appropriate patient population are still not defined. A recently published prospective study concluded that in a low-to-moderate risk ACS population, triple rule-out coronary CT angiography identifies noncoronary diagnoses, limiting additional diagnostic testing to a small proportion of the population and facilitating a safe, rapid discharge of the majority of patients suspected of having ACS [21] .
This article is intended to review CT parameters and contrast media administration protocols that allow performing a triple rule-out CT examination in the acute chest pain patient and discusses radiation dose issues pertinent to the protocol. A few life-threatening and non-life-threatening diseases causing acute chest pain are illustrated.
Patient population
As mentioned above, the appropriate indication and the patient population profiting most from tripe rule-out CT has not yet been defined. Patients presenting to the emergency department usually are monitored with an ECG, and cardiac biomarkers are tested in the blood sample. Figure 1 demonstrates possible triage decisions for a patient with acute chest pain with respect to CT imaging. In general, inclusion criteria of a triple rule-out CT chest protocol have to be adequately defined and adapted to patient-specific characteristics, such as age, sex, clinical presentation, and pretest probability. We recommend in our institution performing a triple rule-out CT in patients with acute chest pain in whom initial cardiac biomarkers are negative and ECG is non-diagnostic and in whom a combined clinical suspicion of (1) acute PE and acute aortic syndrome (AAS), (2) acute PE and ACS, or (3) acute PE and AAS and/or ACS has been raised. Fig. 1 The exact role of CT imaging in these patients has not yet been defined. For evaluating non-cardiac causes of acute chest pain, CT nowadays can be considered the imaging modality of choice. An earlier time point for the use of CT in patients with acute chest pain as indicated in the flow chart could potentially improve the patient triage and accelerate therapy decisions Exclusion criteria are pregnancy, previous adverse reaction to iodinated contrast agents, nephropathy, elevated cardiac biomarkers (troponine-I or creatine kinase-MB) in the initial blood sample, ECG changes indicating an ACS, and interference with standard clinical care of patients. In addition, patients aged ≤40 years should be excluded from a triple rule-out CT because of the increased radiation exposure associated with the protocol [22] .
CT parameters
In our institute, all CT examinations of patients suffering from acute chest pain are performed on a DSCT system (Somatom Definition, Siemens Medical Solutions, Forchheim, Germany). No beta-receptor antagonists are administered before CT, irrespective of the regularity or mean heart rate of the patients.
All patients are instructed to hold their breath during mild inspiration to avoid a Valsava maneuver. The acquisition parameters are as follows: detector collimation 2×32×0.6 mm using a z-flying focal spot for the simultaneous acquisition of 2×64 overlapping 0.6-mm slices, rotation time 330 ms, tube current time product 330 mAs per rotation, tube potential 120 kV, and pitch 0.2-0.5 depending on the heart rate.
For a triple rule-out CT, the optimal direction of movement of the patient during CT data acquisition is still a matter of debate. We generally acquire data in a cranio-caudal direction, as previously reported [18, 19] .
Radiation dose considerations
ECG-gated triple rule-out CT is associated with a higher radiation dose when compared to a standard, non-ECGgated CT pulmonary angiogram [22] . Several techniques can be used to reduce the radiation dose to a level that is as low as reasonably achievable (ALARA).
An important technique is ECG-based tube current modulation (or ECG-pulsing) that reduces the tube current outside the pulsing window to 25% of the nominal tube output [23] . DSCT allows the flexible adaptation of the ECG-pulsing window width that helps in tailoring the ECGpulsing window to be as narrow as possible for maximal reduction of radiation exposure and to be as wide as necessary to obtain diagnostic image quality. As previously recommended [24] , nominal tube current should be applied from 60 to 70% of the RR interval at mean heart rates below 60 bpm, from 50 to 80% at 61-70 bpm, and from 30 to 80% at heart rates above 70. The use of this ECG-pulsing protocol results in an effective dose of a cardiac DSCT examination of approximately 8-9 mSv [25] .
Another technique is called MinDose (Siemens) that further reduces the tube current outside the pulsing window from 25% to 4% of the nominal tube output. This enables an additional, significant dose reduction to approximately 7 mSv for a cardiac DSCT scan [25] . Finally, patients with a body mass index below 25 kg/m 2 can be examined with a tube voltage of 100 kV, resulting in an effective radiation dose of 4-7 mSV for cardiac DSCT [26] .
Taking into account the wider coverage when examining the entire chest, triple rule-out DSCT is associated with an average estimated effective dose of 16-17 mSv.
This level of radiation dose is below [27] or close to [28] that of previous single-source 64-slice CT coronary angiography protocols. The radiation dose levels of a standard, non-ECG-gated CT pulmonary angiogram are approximately 5 to 7 mSv [29] and range from 2 to 23 mSv for a purely diagnostic catheter coronary angiography [30] . These values must be taken into account when discussing the dose values of a triple rule-out CT. Nevertheless, the extra radiation burden has to be weighed against the potential clinical benefit when exposing a patient to triple rule-out CT.
Contrast administration protocol
Determining the optimal contrast material application regime to yield diagnostic image quality of each arterial territory (i.e., aorta, pulmonary, and coronary arteries) remains a challenge. The peak arterial contrast enhancement of the aorta and coronary arteries can be assumed to occur at a comparable time after injection. In contrast, the peak arterial enhancement of the pulmonary arteries takes place earlier (Fig. 2) . This difference between the pulmonary and aortic/ coronary artery enhancement is referred to as the transit time and lasts about 11 s [20] . This transit time has to be taken into account when aiming at a homogeneous attenuation of all three vascular territories. A recent study has compared bolustracking with the test-bolus technique with regard to the Fig. 2 Triple rule-out CT is aimed at a simultaneous, homogenous, and high contrast attenuation (>250 HU) of the pulmonary arteries, the aorta, and the coronary arteries that requires the use of a dedicated contrast-medium application protocol. This must take into account the transit time between the pulmonary and aortic/coronary opacification that normally lasts about 11 s simultaneous opacification of these vascular territories and found no significant difference between the techniques [20] . The authors concluded that the bolus-tracking technique may be preferable in order to avoid the additional amount of contrast medium required for the test bolus.
In our institution, the initiation of CT data acquisition is timed by using the bolus tracking technique. A single nonenhanced low-dose image at the level of the aortic root is obtained first. In this slice, a region of interest (ROI) is set in the lumen of the ascending aorta for monitoring enhancement. A total of 120 ml iodinated contrast material (Ultravist 370; 370 mg/ml, Bayer Schering Pharma, Berlin, Germany) is administered at a flow rate of 4 ml/s via an 18-gauge needle placed into a superficial vein in the right antecubital fossa, followed by 30 ml saline solution at the same flow rate (4 ml/s). After reaching the preset contrast enhancement level of 80 Hounsfield units (HU) in the ROI, a breath-hold signal is given, and the formal CT acquisition is initiated automatically after a delay of 6 s.
Use of such a contrast medium application protocol usually results in homogeneous attenuation of the pulmonary trunk, ascending aorta, and coronary arteries [19] . This is important, as a minimum coronary attenuation of 250 HU is required to obtain diagnostic images of the coronary arteries [31] .
CT data reconstruction
Retrospective ECG-gating for phase synchronization is generally used. The feasibility of prospective ECG-triggering (or step-and-shoot mode) [32] for a triple rule-out CT protocol has not been tested so far. Reconstructions of the heart and coronary arteries are routinely performed during mid-diastole. Images with a slice thickness of 0.75 mm (increment of 0.5 mm) and a medium soft-tissue convolution kernel (B26f and 45f) using a field-of-view (FOV) of 180-200 mm are reconstructed. If considered necessary, additional images are reconstructed in 5% steps within the time window of full tube current. Images of the mediastinum with a FOV of about 300 mm including the aorta and pulmonary arteries are reconstructed with a slice thickness of 1 mm (increment of 0.8 mm) by using a medium soft-tissue convolution kernel (B30f). Images of the lung are reconstructed with a slice thickness of 1 mm (increment of 0.8 mm) by using a sharp convolution kernel (B60f) and using the same FOV (300 mm).
Image analysis
All images are then analyzed on a workstation equipped with cardiac post-processing software. The evaluation of 3 Fig. 3 A 75-year-old male patient with known pulmonary artery hypertension presented to the emergency department with acute chest pain and worsening of the pulmonary function. Triple rule-out CT (a) showed a pulmonary embolus in the right main pulmonary artery (arrowhead). Four-chamber view of the heart (b) demonstrated a dilated right atrium and right ventricle resulting from chronic pulmonary artery hypertension with thickening of the right ventricular myocardium. Oblique MPR (c) revealed contrast media backflow into the inferior cava vein and the hepatic veins (arrowhead) as an indirect sign of right-heart failure. As a result of the increased pressure in the pulmonary circulation and right heart failure, a decreased attenuation of contrast media was found in the ascending and descending aorta. Note the thrombotic wall lesion in the descending aorta CT images is performed by the combination of transverse source images, multi-planar reformations (MPR), curved MPR, maximum intensity projections (MIP), and volume rendering (VR).
MPR/curved MPR is the postprocessing technique of choice to generate cross-sectional images of the coronary arteries as well as of other thoracic vascular and nonvascular structures. Due to isotropic voxels, MPR of equal quality can be generated in any plane inside the 3D data volume. Curved MPR is used to depict an anatomic structure showing a tortuous course.
MIP displays the voxel with the maximal attenuation along a line through the volume dataset. The resulting images are 2D projections, giving a 3D impression by rotating the object [33] . Main applications are the depiction of vessels.
Compared to other 3D postprocessing techniques, VR renders the entire volume of image data. Each attenuation value is attributed a relative shading of opacity and color. VR is nowadays considered as the method of choice in 3D postprocessing [34] , particularly in the visualization of complex vessel anatomy, but has minor diagnostic value.
In general, the combined use of the various postprocessing techniques improves the overall understanding of the cardiovascular anatomical situation and therefore has the potential to reduce the time needed for a CT-based diagnosis [35] .
Life-threatening causes of acute chest pain

Pulmonary embolism
Acute PE is a common and often fatal disease with a variable and unspecific clinical presentation. Mortality can be reduced by a prompt diagnosis and therapy. Frequently undiscovered until autopsy [36] , fatal PE typically leads to death within 1 to 2 h of the event [37] . CT is nowadays the imaging modality of choice for acute PE and has replaced ventilation-perfusion lung scintigraphy and catheter pulmonary angiography, not only due to the higher accuracy, but also due to the fact that many other pathologies may cause similar symptoms [38, 39] . CT angiography enables the direct visualization of emboli within the pulmonary arteries as low attenuation filling defects within the vessel. The value of indirect CT signs of PE, such as pleural-based densities, linear densities, or plate-like atelectases, central or peripheral dilatation of pulmonary arteries, and pleural effusions of variable sizes, is less clear [40] .
The right/left ventricle short axes ratio has shown a significant positive or negative correlation with the severity or with fatal outcome (Fig. 3) . Studies have estimated that a ratio superior to 1.5 indicates a severe episode of PE [41, 42] . Other factors are still a matter of debate, such as, for example, the clot load of pulmonary arteries, pulmonary artery diameter, the leftward bowing of the ventricular septum, or the reflux of contrast medium into the inferior vena cava [41] [42] [43] [44] . A considerable advantage of an ECGgated chest CT protocol represents the ability to diagnose right ventricular dysfunction [45] , which is an important prognostic marker in patients with PE. Thus, CT allows not only diagnosing PE, but also assessing its severity and prognosis, allowing risk stratification, which is important for rapidly initiating optimal management, monitoring, and therapeutic strategies [42] .
Acute aortic dissection
Aortic dissection is a relatively uncommon but catastrophic illness. In the majority of cases, acute aortic dissection presents with tearing chest pain and hemodynamic Fig. 4 A 52-year-old male patient with acute onset of severe, tearing, and radiating chest pain was referred to the emergency department. Triple rule-out CT using a sagittal MPR (a) showed a type A aortic dissection with an intimal flap forming the true and false lumen extending to the descending aorta. Curved MPR of the coronary arteries demonstrated extension of the dissection flap into the right coronary artery ostium (b; arrowhead) compromise. Early diagnosis and treatment are crucial for survival. However, the diversity and complexity of the clinical presentation often predispose to a wrong or missed diagnosis [46] . Aortic dissections are classified according to the Stanford classification as type A (involving the ascending aorta) (Fig. 4 a) and type B (involving the aorta distal to the origin to the left subclavian artery) (Fig. 5) .
There are occasional problems in diagnosing type A aortic dissection in non-ECG-gated CT examinations, as the extent of the dissection membrane at the level of the aortic valve cannot be evaluated [47] . The use of a triple rule-out DSCT protocol, including retrospective ECG gating, allows a motion artifact-free depiction of the membrane at the level of the aortic valve. This may demonstrate an extension of the dissection membrane into a coronary ostium or its occlusion [48] . Such information is mandatory for preoperative planning. Covering the entire cardiovascular structures of the chest with a single ECGgated DSCT acquisition also makes possibile visualizing the run of the dissection membrane into the branches originating from the aortic root.
Acute coronary syndrome ACS describes the clinical manifestation of acute myocardial ischemia induced by coronary artery disease (CAD) [9] . The typical clinical presentation of myocardial ischemia is acute chest discomfort. Although this disease is common, the clinical triage decisions are often ineffective, especially for patients who have chest pain but normal initial cardiac enzyme levels and normal or inconclusive Fig. 6 A 53-year-old male patient with acute chest pain and shortness of breath arrives at the emergency department. Initial biomarkers were negative, and ECG was inconclusive. Curved MPR (a) showed a high-grade stenosis of the LAD (arrowhead) that was subsequently confirmed by catheter coronary angiography (b, arrowhead). Sagittal MPR of the left ventricle (c) demonstrated a myocardial perfusion defect of the anterior wall (arrowheads) Fig. 5 A 64-year-old female patient was referred to the emergency department because of acute chest pain. An initially performed echocardiography was suspicious for a type A aortic dissection. However, triple rule-out CT using a sagittal MPR showed the intimal flap forming the true and false lumen arising just distal of the origin of the left subclavian artery (arrowhead), which corresponds to a type B aortic dissection electrocardiograms [9] . It is known that over 50% of patients with acute chest pain do not have ACS [49] . In addition, in a considerable number -namely 2 to 4% -of patients with acute chest pain, the diagnosis of ACS is missed [50] . In recent years, CT has become an important non-invasive method for evaluating the coronary arteries. Especially the high sensitivity and negative predictive value of coronary CT angiography has rendered the modality an excellent filter test for patients with an intermediate pre-test probability of the disease [16] .
It must be kept in mind, however, that the presence of coronary artery stenosis at cardiac CT cannot be equated with CAD as the cause of the patient's symptoms. CT only demonstartes the substrate for ACS, and not its presence.
In various studies, 64-slice CT accurately detected significant coronary artery stenosis compared to standard invasive coronary angiography (ICA), with sensitivities and specificities ranging between 91% and 100% [9, 12]. CT presents a fast and non-invasive method to detect the presence and extent of a CAD and provides information that cannot be obtained with a standard clinical evaluation (Fig. 6) . Furthermore, CT may help to improve the triage in acute chest pain patients having an ACS and has the potential to lead to a clinical paradigm shift [51] .
Nowadays, single-photon emission computed tomography myocardial perfusion imaging represents the most commonly applied clinical imaging modality for the detection of myocardial ischemia [52] , although magnetic resonance imaging shows superior performance characteristics in controlled studies [53] .
Recently, Cury et al. [54] showed that CT can also detect patients with recent myocardial infarction based on perfusion defects. In addition, CT has recently shown the capability to measure infarct size in acute myocardial Fig. 8 A 54-year-old female patient presented to the emergency department with leftsided chest pain. Two years earlier, the patients had a myocardial infarction. Long axis (a) and sagittal oblique reconstruction (b) of the left ventricle showed a large pseudoaneurysm (arrowheads) on the apex Fig. 7 A 67-year-old female patient presented to the emergency department with left-sided, sharp stabbing chest pain and dyspnea that was pronounced when changing from an upright to a supine position. Four months earlier, the patient had undergone a plastic repair of a left ventricular apical aneurysm after myocardial infarction. Triple rule-out CT with a four-chamber view of the heart (a) showed contrast media extravasation (arrowhead) from the apex into the adjacent chest wall, forming a hematoma (a; asterix). The patient underwent emergency surgery of the ruptured ventricle, and subsequent CT showed regular conditions after repair (b) infarction by performing delayed contrast-enhanced imaging [55, 56] .
An uncommon but dangerous complication after myocardial infarction is left ventricular wall rupture. This event is associated with a high mortality rate of 4% to 10% [57, 58] (Fig. 7) . In contrast to ventricular wall rupture, a pseudoaneurysm is a contained rupture of the myocardium that can be seen after infarction, surgery, trauma, infection, or invasive medical procedures [59] (Fig. 8) . Pseudoaneurysms are typically diagnosed with a delay of 6 months after infarction. The explanation for the development of a pseudoaneurysm is that the cardiac rupture is limited by pre-existing adhesions between the epicardium and the pericardium [60] . They are often located in the inferior or posterolateral wall [61] . CT maybe a useful method for the diagnosis of left ventricular pseudoaneurysms and allows a non-invasive preoperative planning.
Coronary artery anomalies representing another potentially life-threatening disease should also be considered in patients with acute chest pain. They are found incidentally in 0.3%-1% of healthy individuals [62] . For several decades, diagnosis of coronary artery anomalies was made with angiography. Currently, CT is now acknowledged as the gold standard technique for the diagnosis and characterization of coronary artery anomalies [63] . Potentially life-threatening anomalies include the origin of a coronary artery arising from the pulmonary artery, an interarterial course between the aorta and pulmonary trunk (Fig. 9) , coronary artery fistulas, and occasionally myocardial bridging [63] .
Myocardial bridging is defined as a segment of a major epicardial coronary artery running intramurally through the myocardium beneath a muscle bridge [64] . Although myocardial bridging is considered as a common, benign condition, complications, including transient ischemia and sudden death, have been repetitively described in the literature [65] .
Non-life-threatening causes of acute chest pain
It is crucial to distinguish patients with life-threatening causes of acute chest pain that need immediate medical or surgical intervention from those that can be admitted home and managed on an out-patient basis. The spectrum of non-lifethreatening causes of acute chest pain is broad and includes gastro-esophageal, musculoskeletal, pleuropulmonal, mediastinal, and mental disease. As triple rule-out CT covers the entire chest, it enables a comprehensive assessment of various vascular and non-vascular pathologies of the chest.
Musculoskeletal causes for chest pain are found in about 25% of patients with acute chest pain [66, 67] . The pain is mostly triggered by degenerative changes of the spine or a discus prolapse, originates in the chest or neck, and radiates into both arms [68] . In elderly patients, fractures of the ribs or vertebrae caused by osteoporosis or metastatic disease can be found.
Pulmonary or pleural lesions also have to be considered in the differential diagnosis of acute chest pain. Pleuritis with pleurodynia can be caused by pneumonia, a pleurainfiltrating tumor, or pneumothorax [69] . Fig. 9 A 42-year-old male presented to the emergency department with chest pain after exercise. Initial cardiac enzymes and ECG were negative. An anomaly of the RCA, originating from the left coronary sinus with an interarterial course between the pulmonary trunk and ascending aorta, was found (arrowheads). Note the calcified plaque on the proximal segment (arrow) Fig. 10 A 56-year-old male patient with acute chest pain and tachycardia presented to the emergency department. Triple rule-out CT with a short axis reconstruction showed pericardial effusion with a slight enhancement of the parietal layers of the pericardium indicating pericarditis (a, arrowhead). An axial MPR of an abdominal CT obtained 3 days later clearly showed the pericardial enhancement (b, arrowhead) Another important differential diagnosis is acute pericarditis, often manifesting with left-sided acute chest pain radiating into the arm and back (Fig. 10) . Often, no specific ECG changes are found, echocardiography may fail or may reveal inconclusive results [69] . Then, CT may be an important alternative modality to complement the diagnosis. Nevertheless, MR still is the method of choice to assess pericardial inflammation [70] . However, triple rule-out CT also has the advantage of delivering information about the coronary arteries in a single examination.
In a significant number of patients with acute chest pain, different forms of esophageal disorders, such as gastroesophageal reflux and esophageal dysmotility, can be found [71] . The Boerhaave syndrome, a rare pathology, is caused by a spontaneous rupture of the distal esophagus secondary to explosive vomiting. It has a high mortality rate and has to be considered early after excluding ACS [72] .
Finally, extrathoracic pathologies affecting the upper abdominal organs may also cause acute chest pain. For example, pyelonephritis, acute pancreatitis, or cholecystitis have to be considered in these patients after ruling out vascular or non-vascular chest pathologies. Twenty percent of patients with acute pancreatitis complain of left-sided chest pain, and chest CT shows left-sided pleural effusion and atelectasis of adjacent lung structures [73] . Among patients with cholecystolithiasis, 14% complain of rightsided chest pain [74] . Furthermore, gastric and duodenal ulcers are important differential diagnoses and may be hard to differentiate from aortic dissection or ACS [74] .
Conclusions
Due to the fast data acquisition in combination with the high spatial and temporal resolution of new CT technology, patients can be examined with a single, retrospectively ECG-gated chest examination giving rise to diagnostic images of the pulmonary arteries, aorta, and coronary arteries, as well as of various non-vascular structures of the chest. As mentioned above, triple rule-out CT offers not only the ability to diagnose or to exclude three different diagnoses, but also offers a multitude of different vascular and non-vascular chest diseases that may similarly present with acute chest pain. Thus, the jargon term triple rule-out fails to describe the true potential of this examination.
Performing such a CT protocol requires the use of a dedicated scan and contrast agent application protocol and goes along with a higher radiation dose when compared to a standard, non-ECG-gated CT of the pulmonary arteries. The increase in potential harm associated with triple ruleout CT needs to be weighted against the potential benefits of the imaging test that may reduce the number of other, occasionally invasive, diagnostic procedures that also involve radition and contrast media exposure. 
